This review provides a broad overview of the relationship of personality with cardiovascular diseases (CVDs). There has been a sustained interest over the last half a century on the issue of relationship between personality traits and CVDs. Type A behavior was the initial focus of inquiry as it was observed that individuals who were competitive, hostile, and excessively driven were overrepresented among patients seeking treatment for CVDs and also were prone to develop coronary artery disease/syndrome. However, the research gradually expanded to assess the relationship of cardiac morbidity with various other personality facets. Furthermore, studies found out that negative effects (including anger and hostility) were also associated with adverse cardiovascular outcomes. Subsequently, a new personality entity named as the type D 'distressed' personality, which combined negative affectivity and social inhibition. type D personality then became the area of research and was demonstrated to be related with poorer cardiac outcomes. Interestingly, the results of various research studies are not equivocal, and hence, there are several critiques related to the current understanding of the link between personality construct and the risk of development as well as the outcome of CVDs. Furthermore, few personality traits such as optimism, conscientiousness, openness to experience, and curiosity have been found to be protective factors against development of CVDs and therefore are called 'cardioprotective' personality traits. A detailed discussion on the various aspects of personality in relation to CVDs along with a critical appraisal has been presented in this review.
Introduction
Cardiovascular diseases (CVDs) are currently the leading causes of death worldwide. 1 Among the various risk factors enumerated and evaluated for CVDs, psychosocial factors have been found to play a significant role in the expression and outcome of cardiac illness. 2, 3 Furthermore, among the several psychological and social factors, personality characteristics or personality traits of an individual have been explored as an important factor influencing the morbidity of CVDs. Personality in relation to cardiac illness, more particularly coronary artery disease (CAD), has been studied across a number of studies since last 40e50 years. 4 Previous studies had focused on the specific typology of personality and have found a specific type of personality, i.e., type A personality (characterized by hostility, impatience, and competitiveness dominance) to be adversely related with incidence of CVDs. 4, 5 However, subsequent research has explored other traits such as negative emotional states or negative affect, anxiety, anger, and hostility in the genesis of CVDs. However, as the findings have been inconsistent across studies yet, the conceptual debate about the role and relevance of personality traits in the causation of CVDs continues. 6, 7 There is no universal consensus on the definition of personality. It generally refers to the dynamic and organized set of characteristics possessed by a person which uniquely influences his or her cognitions, emotions, motivations, and behaviors in various situations. 8 Personality is determined by a range of factors including heredity, environment, and situational factors. 9 Personality traits have been found to be associated with happiness, physical and psychological health, spirituality, quality of relationship with peers and family, occupational choices, community involvement, criminal activity, political ideology, etc. 10 Hence, personality is a multidimensional construct that can have a wide range of consequential outcomes. Psychologists have postulated many theories of personality (dispositional theories, psychodynamic theories, social behavior theories, experiential or humanistic theories, biological theories, and cognitive theories); however, all of these theories tend to describe overall patterns of behavior. 8 Personality shapes the outlook of an individual in different ways to react to a psychological or emotional distress. It has a stable effect on one's behavior and hence may be implicated in the genesis of disorders in which patterns of behaviors may play a role. Because CVDs are often associated with specific adverse behaviors, it seems intuitive that personality traits may be associated with development and prognosis of CVDs. In this review, we had tried to look at the possible association and explanation of the relationship of personality with CVDs.
Evolution of the concept
The possible effect or role of personality in CVDs was first identified by Friedman and Rosenman (1959) in a group of subjects with CAD. 11 They found that individuals with type A personality behaviors (such as more aggressive, competitive, hostile, short tempered, more time conscious, constant preoccupation with deadlines, unable to relax, cynical, etc.) were prone to excessive stress and were also prone to CAD. In addition, they found a strong association of type A behaviors with blood cholesterol level, bloodclotting time, incidence of arcus senilis, and clinical CAD. 11 Later, it was also proposed that individuals with features of type A personality were at an increased risk (sevenfold) of having CAD and all other causes of premature death, even after controlling for other risk factors. 12 Furthermore, the same group of authors found that those with type B personality features (easy going, do not get angry easily, and less competitive) have decreased risk of CAD and suggested that altering type A behavior pattern after myocardial infarction can decrease subsequent rate of reinfarction. 13, 14 
Type a personality patterns and its association with CVDs
Despite several studies suggesting a strong link between type A personality patterns and CVDs, the possible role of type A personality patterns in relation to cardiac illness has been questioned again. Further studies evaluating this possible link had found no significant relationship or association between the two. 15e17 A meta-analysis of prospective studies until 1998 (n ¼ 25 studies) on CAD and type A personality failed to find any significant association between the two (r ¼ 0.003; n ¼ 574,326; p ¼ 0.213), whereas a significant association was found between hostility and risk of CAD (r ¼ 0.022; n ¼ 15,038, p ¼ 0.003), suggesting a possible and robust role of anger and hostility with CAD/CVDs. 7 Therefore, the later studies shifted their focus of research from specific type A behavior pattern to hostility as a cause for development of CVDs.
Anger-hostility dimension and its association with CVDs
Anger and hostility are two important dimensions in the context of personality attributes and have been associated with several personality traits or types. Many studies have found that the hostility and anger components of the type A behavior pattern are more sensitive predictors of CVDs. 6, 7, 18 Furthermore, a metaanalysis of 25 studies and 19 studies separately which investigated the coronary heart disease (CHD) outcome in healthy populations and those with preexisting CHD revealed that both anger and hostility were significantly associated with increased CHD events both in healthy population studies (hazard ratio [HR] À1.19; p ¼ 0.008) and those with previous CHD population studies (HR, À1.24; p ¼ 0.002). 6 Hostility has also been conceptualized as a chronic negative affect, and it increases one's tendency to experience distress. 19 Chronic negative affect has also been found to be associated with the risk of developing serious illness and premature mortality and affect the quality of life in those individuals with chronic medical illness. 13, 20, 21 The anger dimension has also been evaluated separately for its association with CVDs. It has been postulated that anger can trigger ischemia in coronary tissues and may be an independent risk factor for CAD/CVDs/CHD. 22e24 Anger can lead to excess catecholamine release and subsequent increased cardiovascular reactivity, leading to acute sinus tachycardia, hypertension, decreased coronary perfusion, and cardiac instability. 24e26 A prospective study on 1055 young men followed up from 32 to 48 years of age evaluated the association between anger responses to stress during early adult life and risk of premature and total CVD and revealed excessive anger in response to stress in young men to be strongly associated with an increased risk of premature CVD, more particularly myocardial infarction (adjusted relative risk, À6.4), thus justifying the role of anger in the development of CVD. 27 Another populationbased observational prospective study (n ¼ 785) from Canada (Nova Scotia Health Survey) studied three types of anger expression, namely, constructive anger (discussing anger for resolution of the problem), destructive anger justification (blaming others for one's anger), and destructive anger rumination (brooding over an anger-inducing incident), and its possible association with incident CHD events. 28 It was revealed that in the observational period of 10 years, there were 115 CHD events (14.6% incidence), and a definite association was found between constructive anger expression and CHD (p ¼ 0.02) with significant differences between the gender (Higher levels of constructive anger expression in males were associated with lower risk of CHD event; HR À0.58, p < 0.001). Furthermore, higher levels of destructive anger justification were found to be associated with a 31% increased risk of CHD in both the genders (HR, À1.31, p ¼ 0.03). 28 Therefore, it is quite evident that not only anger but also the nature of expression of anger also affects the risk of CVDs. Some studies have also stressed on the finding that anger was more significantly associated with the presence of CAD rather than hostility. 29 Furthermore, anger has also been found to be the main personality factor that is strongly associated with coronary stenosis in individuals with CAD. 30 Furthermore, a typical coronary-prone behavior pattern has been suggested, which includes these two components, i.e., anger and hostility together known as the anger-hostility dimension. 31 The first component includes "potential for hostility," which is the tendency to react to unpleasant situations with responses that reflect anger, frustration, irritation, and disgust. The second component includes "anger-in" which is the lack of ability or desire to express the anger directly toward the object. 32 While hostility refers to combination of irritation, annoyance, and resentment, "anger-in" is the tendency to hold back the expressions of anger against others, even if such expressions might be appropriate. 33 The dimensions of anger-hostility have been found to have significant positive correlation with systolic and diastolic blood pressure, platelet reactivity, 34 and subsequent progression of atherosclerosis, as well as with the development of hypertension, 6 stroke, 6 and adverse cardiac events in those with suspected CVDs 35 and those with recurrent CVDs. 36 In addition, hostile behaviors and low anger control have been found to predict CVD events and CVD-related mortality among CVD individuals suspected with a high risk. 37,38
The type D or the 'distressed' personality and its association with CVDs
A new personality construct known as the type D personality or the 'distressed' personality was proposed by Denollet in 2000. 39, 40 It was observed that subjects with CAD/CVDs have an increased propensity to experience emotional and interpersonal difficulties. The type D personality comprised of two stable personality constructs of negative affectivity and social inhibition, which were closely related with neuroticism and introversion, respectively. 39 Negative affectivity is the tendency to experience negative emotions over time and in diverse life situations, and social inhibition is the tendency to inhibit self-expression in social interactions. 40 Studies have reported that those with type D personality with CVDs experience more cardiac symptoms but are less likely to report cardiac symptoms (such as swollen legs, shortness of breath, etc.) to the medical professionals or tend to seek health care late resulting in severe symptoms due to their social inhibition tendency. 41 In addition, it has also been reported that those with type D personality tend to have increased disease severity, 42 increased cardiac mortality, 43 impaired health status, and more depressive symptoms. 44 Type D personality has been linked with both fatal 45 and nonfatal (noncardiac chest pain) events 46, 47 and have more work-related problems (such as higher absenteeism, more somatization, and report more work-related burnout and stress). 48 Few important biological mechanisms have been implicated to underpin the relationship between type D personality and CVDs. These were based on some biological findings: (1) Among patients with heart failure, presence of type D personality emerged as a significant predictor of increased circulating levels of proinflammatory cytokine tumor necrosis factor, a marker associated with pathogenesis of heart failure. 49, 50 (2) Subjects with type D personality were also found to have higher cortisol-awakening responses, independent of demographic and clinical factors and depression, suggesting that type D personality may be associated with disruption of hypothalamicepituitaryeadrenal axis which may play a role in the etiopathogenesis of CAD. 51e53 (3) Those with type D personality have been found to have exaggerated blood pressure and heart responses in relation to any stressful event which may consequently increase risk for the development of CVDs or CAD. 54e56 Furthermore, it has been found that individuals with CVD with type D personality have decreased cognitive functioning, which is independent of depression and anxiety. 57 Compared to general population, those with CAD have increased tendency to self-blame themselves, seek avoidance, and socially isolate themselves from the community. 58 Three types of coping strategies have been evaluated in relation to chronic medial diseases, i.e., confrontational coping, avoidance coping, and acceptance-resignation coping. 59 Furthermore, it has been found that those with type D personality more frequently use maladaptive coping, i.e., less confrontational coping and more acceptanceresignation coping in response to CVD. In addition, confrontation coping was found to mediate the association between type D personality and perceived severity of disease, and acceptance-resignation coping mediated the relationship between type D personality and morale, suggesting that coping modification strategies should be an important aspect of psychological intervention in subjects with CVDs and type D personality. 60 Studies have also reported that in subjects with CVDs before implantable cardioverter defibrillator (ICD) implantation, presence of type D personality pattern was associated with poor physical and mental health status. 61 Furthermore, it has also been found that patients with ICD with a type D personality report more depressive symptoms if they have a partner with type D personality. 62 Similarly, studies have also found that patients treated with percutaneous coronary interventions (PCIs) with type D personality have nearly 3.69-fold increased risk for depression and 2.72-fold increased risk for anxiety at 10 years of follow-up. 63 Therefore, studies have also tried to focus on the impact of psychological profile of caregiver/partner of patients with CVDs.
Emotional dysregulation and risk of CVDs
Cardiomyopathies, more particularly Takotsubo cardiomyopathy (commonly known as stress cardiomyopathy), has been found to be significantly associated with emotional triggers such as death of a close relative, failure in relationship, or unpredicted separation from one's partner. 64 Furthermore, studies have found strong association between Type D personality and stress cardiomyopathy after acute emotional stressful triggers leading to acute cardiac events. 64, 65 Emotional competence that is the integration of one's emotional intelligence (ability to be aware of and control one's own emotions), metacognitive beliefs (ability to be aware of and regulate one's own thinking), and emotional processing deficits has been found to be quite dysfunctional (after adjusting for depression) in patients with Takotsubo cardiomyopathy who experience frequent emotional triggers. 29, 66 Therefore, it is further proved that certain psychological factors play significant role in the development of specific cardiomyopathies too.
Cardioprotective personality traits
Few personality traits such as optimism, conscientiousness, openness, and curiosity have been found to be associated with positive health outcomes in subjects with CVDs and hence can be regarded as cardioprotective personality traits. Optimism, is a positive personality trait, which is defined as the tendency to expect good experiences in the future, has been found to be a protective factor against the risk of CAD in elderly, 67 has predicted better physical health and emotional health (lower depressive symptoms) after an acute coronary syndrome event, 68 and has been associated with reduced pain intensity and physical symptom reporting after coronary artery by-pass graft surgery. 69 In contrast, pessimism (opposite of optimism) has been found to be a substantial risk factor for cardiovascular mortality. 70 Another personality trait of conscientiousness (which encompasses personality dispositions like self-efficacy, orderliness, dutifulness, achievement-striving, self-discipline and cautiousness) 71 has been found to predict longevity among apparently healthy persons. 72 In subjects with CVDs, low conscientiousness has been evaluated as a risk factor for all-cause mortality due to CVDs, stroke, and malignancies in prospective cohort studies conducted over a period of 3e17 years. 73, 74 Openness to experience, a personality trait from the five-factor personality model that involves active imagination, artistic sensitivity, attentiveness to inner feelings, and intellectual curiosity, 75 has also been found to be an independent protective factor for incident CHD/CVDs in the community after adjusting for all putative confounding factors including depression. 76 Furthermore, curiosity, yet another personality characteristic probably related to the five-factor model trait of openness to experience, has been found to be associated with longevity, independent of medical risk factors and health behavior. 77 
Link/association between personality and CVDs
Various models have been put forth to explain the relationship between personality and the risk of developing CVDs (summarized in Fig. 1 ). These are as listed in the following subsections:
The personality-induced hyperactivity model 78
This model suggests that some individuals may have a style of functioning characterized by exaggerated neuroendocrine and sympathetic responses toward perceived stressors. Such individuals appraise demanding situations as more threatening than others and have more intense physiological responses. Congruent to this hypothesis, individuals having type A personality have been found to have physiological characteristics that include higher noradrenaline levels, faster blood-clotting times, higher cholesterol levels, and higher plasma lipid (triglycerides and low-density lipoprotein cholesterol) levels. 79e81
The dangerous behaviors model
This model suggests that personality affects health indirectly through excess health-degrading behaviors and lack of healthpromoting behaviors. For example, it has been reported that type A individuals often seek challenging and competitive situations and tend to smoke more and consume more alcohol than type B individuals. 82 This predisposes them to have a greater risk of CVDs. They also have a tendency to underreport the severity of their physical symptoms, which may place them at risk for untreated progression of disease. Type A behavior has been regarded as a general risk factor for physical disorder. They are more likely to have accidents, to die from accidents/ violence, and to incur CVDs. 83 Similarly, certain personality characteristics such as conscientiousness and openness to experience have been associated with health-promoting behaviors which reduce the risk of developing medical health problems. 84 
The transactional stress moderation model
This model suggests that individuals with certain personality dispositions may have tendencies toward using particular coping strategies when stressed. Maladaptive coping styles may lead to adverse physiological and behavioral consequences. Type A behavior pattern has been found to be associated with emotion-focused and avoidance-focused coping, 85 whereas type D personality pattern has been associated with confrontational coping and acceptance-resignation coping in subjects with CVDs. 60 
The constitutional predisposition model
It is also known as the biological interaction model. It suggests a noncausal association between personality and health, whereby an underlying genetic or other constitutional factor produces both a physiologic vulnerability to disease and the behavioral, emotional, and cognitive phenotype of personality. 86 It has been well established across a number of studies that chronic anger, hostility, and negative affect are independent risk factors for poor physical health outcomes, more particularly CVDs. 22, 37, 87 
Critical appraisal of the personality construct in relation to cardiac illness
As per the current body of research, the relationship of type A personality pattern and CVDs is not equivocally acceptable due to lack of consistent findings. 7, 88 The new entity of type D personality in relation to cardiac illness has been in the focus of research since 2000. Two separate meta-analyses of 10 prospective studies and 15 studies, respectively, examining the relationship between type D personality and health status in patients with CVDs had suggested type D personality to be regarded as an independent correlate of impaired patient-reported physical and mental health status. 89, 90 Furthermore, cross-cultural validity of the type D construct and its relation with CVDs has been carried out across 22 countries in about 6222 patients and has revealed a pan cultural relationship between type D personality and some cardiovascular risk factors, supporting the role of type D personality across different cultures and countries. 91 However, despite much research in this area, the question of whether type D personality is additionally helpful in explaining the relationship between behavior and cardiovascular disorders has been critiqued by some authors, and several questions have been raised on the metaanalyses on type D personality studies. 92 Experts have asserted that type D personality is another form of neuroticism and question what additional psychological risk factor is gained by exploring into type D personality. 93 In addition, concerns have been raised regarding the focus on sole personality characteristic such as type D, undermining the role of mood states such as depression, anxiety, and vital exhaustion in the development of CVDs which have also been evaluated as independent risk factors for the same. 94, 95 Furthermore, type D personality has also been found to be a vulnerability marker/factor, which affects people not only with CVDs but also with many other medical disorders (such as chronic pain, asthma, tinnitus, sleep apnea, vulvovaginal candidiasis, mild traumatic brain injury, vertigo, melanoma, and diabetic foot). 96 In general, it has now been regarded as a vulnerability factor for any kind of psychological distress and is associated with diseasepromoting mechanisms in healthy individuals. 48 Therefore, linking type D personality patterns solely to CVDs is not justified.
If one carefully examines the nature of literature related to type D personality and its association with CVDs, it becomes quite evident that most of the research had emerged from a single center and single group of investigators. 97, 98 Moreover, type D personality has been explained for a significant number of deaths in their observations, and it has been remarked that a few deaths in the other group would have substantially changed the findings. In this regard, recent data from outside the original investigator group have failed to find a prognostic value for type D, 99 and researchers have suggested that early studies on type D personality had overestimated its prognostic relevance. 100 Furthermore, it has been concluded from these studies that more methodologically sound studies are required to draw any definite conclusions between the personality construct and its prognostic significance for CVDs. 100 To counteract these propositions, the main profounders of type D personality construct had conducted a study to explain the large heterogeneity in type D studies and have reported the same previous finding, i.e., Type D personality was associated with an increased risk of cardiac events, but additionally in this study, they have reported that type D personality was not associated with noncardiac death or with events in subjects aged above 70 years. 101 Although few recent studies have also questioned the assumptions of type D personality as it has been now found that conscientiousness and the Big Five personality variables predict healthrelated variables and behavior better than type D personality, 102 others have supported the predictive value of type D personality for impaired endothelial function in subjects with CAD and have found that those with type D personality have an increased risk of endothelial dysfunction (flow-mediated dilation less than 5.5%). 103 More recently, a combined personality construct of type A and type D typology has been identified in a group of subjects with essential hypertension and acute coronary syndrome. The six combined personality profiles identified after cluster analysis were type D, type A negatively affected, not type A negatively affected, Socially inhibited-positively affected, Not socially inhibited, and neither type A nor type D. Of all these types, the type A negatively affected cluster displayed the worst cardiovascular profile, thus suggesting that a new approach to identify combined personality profiles should be now thought of. 104 Negative affectivity as a component of type D personality strongly overlaps with the construct of depression. The question whether type D is a really stable personality rather than a response to illness requires further clarity as most studies have assessed such a personality construct in patients who have already been diagnosed with CVDs. It could also be argued that the knowledge of the illness may lead to negative mood state and inhibitions in social interactions.
Clinical implications of identifying personality types in patients with CVDs
The hypothesis of personality affecting the development of CVDs/CAD and the outcome of CVDs translates into attempts at finding whether modification of personality characteristics and behavior patterns can result in attenuation of the risk and delay of/ reduce negative outcome of CVDs, respectively. 105 Previous studies on altering type A behavior pattern in the Recurrent Coronary Prevention Project (n ¼ 1035) specifically focused on modifying type A behavior and negative affect by using group therapy, and counseling groups focused on behavioral modification showed that those who received group counseling sessions showed significant reduction in the rate of cardiovascular system mortality and nonfatal myocardial infarction. 14 Very few studies are available which have attempted behavioral modification on subjects with CVDs and comorbid type D personality. A randomized controlled trial attempting at type D behavior modification divided patients (n ¼ 224) into expanded cardiac rehabilitation (stress management, increased physical training, stay at patient hotel after discharge, and cooking sessions) and routine rehabilitation. 106 The additional interventions were associated with improved quality of life and nonsignificant improvement in type D scores, depression, and anxiety. Studies have also supported the beneficial effect of cardiac rehabilitation program when combined with relaxation and meditation strategies on depressive and anxiety symptoms in patients with CVDs. 107 Hence, these studies suggest some promise of interventions to change coronary-prone behaviors, but further work is required before definite inferences and conclusions are drawn.
Conclusions and future directions
To conclude, present literature suggests that some personality characteristics may be associated with the development of CVDs. Some plausible mechanisms have been suggested to explain the relationship of CVDs and health-related outcomes. Ascertainment of personality characteristics is likely to provide a more comprehensive and integrative view of the risk factors for CVDs and potentially provide interventions to reduce the impact of such risk factors. However, one should also note some important aspects of personality measurement and its dimensions as mentioned in Table 1 . Future research should pursue the possibility that health consequences of personality characteristics vary across the context in which they occur. Research also needs to acknowledge the age, gender, ethnicity, and developmental process in the relationship of personality and CVDs. Moreover, future research also needs to take into account the fact that personality traits are not static and may show changes with time. Hence, interventions may be customized Table 1 Important points to note on the association of personality and CVDs.
Type A and type B personality constructs are behavioral constructs and are mostly self-reported. Most of the studies that have evaluated for type A and type D personality constructs have used self-assessment questionnaires in which there is every possibility that the subjects could have concealed hostility aspect. Another major limitation of these studies is the use of different scales for assessment of personality which makes comparison across these studies difficult. Furthermore, there is no consensus over which scale is the best scale to measure personality dimensions. The anger dimension of personality, if self-reported, can be inaccurate as the same anger can be considered as constructive by perpetrator and destructive by others. Psychological risk factors do not occur in isolation but cluster together within patients, complicating risk assessment. Comorbid depression has been found to be a confounder in the risk assessment of personality dimensions in subjects with CVDs. There is a possible chance of significant publication bias in the earlier studies (70s) in reporting the association between personality and CVDs. However, recent studies have now well identified these associations with the use of methodologically sound strategies.
to target individuals at risk to reduce the probability of developing adverse cardiovascular outcomes. Although primary prevention is difficult, increasing general public awareness about the role personality traits and its impact on cardiac illness could be beneficial. Secondary prevention needs to be strengthened which can be made possible by identifying maladaptive personality traits in those suffering from CVDs and taking psychotherapy sessions (counseling) to modify these aspects so as to reduce risk of adverse cardiac events/outcomes.
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